Radical scavenging activity (RSA), antioxidant content (TEAC), total phenolic compounds content (TPCC) and volatile profile (VOCs) were measured in 26 honeys obtained from the Valparaíso Region (Chile). Persea americana honey was the most interesting sample according to these evaluated parameters. A Projection to Latent Structures (PLS) based algorithm was used to model the possible relationship between antioxidant activity, total phenolic compounds content and volatile profile. Concerning the volatile profile, only nine volatile compounds, of a total of fifty, showed dependence on antioxidant activity and total phenolic compounds content.
Honey is a natural product from bees (Apis mellifera) and has for long been an excellent nutritional option for many generations due to its health benefits, its effectiveness in gastrointestinal disorders, in healing of wounds and burns, as an anti-microbial agent and as a source of antioxidants, playing an important role in food preservation and human health by preventing damage caused by oxidizing agents [1] .
In recent years much attention has been focused on the use of natural dietary antioxidants as an effective protection against diseases related to oxidative processes. Many studies indicate that a high intake of dietary natural phenolic antioxidants correlates with a lower incidence of cardiovascular diseases [2, 3, 4] . Honeys and related by-products have a great potential to serve as a natural food antioxidant [5] .
Honey includes over 400 different chemical compounds, more than 95% mainly formed by sugar and water. Pigments (flavonoids, phenolic compounds), free amino acids and volatile compounds constitute minor components [1] . The composition of the volatile fraction and phenolic-flavonoid contents derive from the floral origin, and from the bee foraging habits and physiology [6, 7] .
Quantification of volatiles present in foods is made easier by the use of GC/MS-SPME (gas chromatography / Mass spectrum -Solid phase micro extraction) that has been fully accepted in food analysis [8] . With the continuous development of this technology, it is possible to generate large-scale data sets that need the use of chemometric algorithms for modelling the information obtained. The main tools are based on principal components, where Projection to Latent Structures (PLS) can be used to study dependent factors against predictive variables arranged in linear combinations. In this case, the chromatograms obtained can be compressed in order to find a few linear combinations of the original data.
In the present work we report the determination of the total phenolic compounds content by the Folin-Ciocalteau method and the radical scavenging activity and antioxidant content by the 2,2-diphenyl-1picrylhydrazyl (DPPH) method of 26 honeys from the Valparaíso Region, Chile. In addition, the volatile profile of all the honey samples was measured using GC/MS-SPME analysis, because correlations have been reported between VOCs and antioxidant activity [9, 10] . The complex chromatographic analysis obtained was modelled against the antioxidant activity looking for a possible relationship linking the variables defining antioxidant activity with VOCs.
The results of TPCC, DPPH radical scavenging activity (RSA) and antioxidant content (TEAC) of 26 different honey samples are summarized in Table 1 . The TPCC varied from 58.6 to 174.4 (mg of GAE/100g of honey) ( Table 1) , with the highest value observed in Persea americana honey and the lowest in a multifloral honey. The results of DPPH radical scavenging activity (RSA) in IC 50 values ranged from 8 to 74 mg/mL ( Table 1 ). The highest value of IC 50 was found in a multifloral honey and the lowest in Persea americana honey. The results of antioxidant content (TEAC: mg of Trolox™/100g of honey) ranged from 9.4 to 69.8 mg/100 g ( Table  1 ). The highest value of TEAC was found in Persea americana honey and the lowest in multifloral honey.
According to the results of the analysis based on Projection to latent structures, the Y-variables studied, TPCC (Y 1 ), RSA (Y 2 ) and TEAC (Y 3 ), were associated with standardized concentrations of VOCs identified in the chromatograms (X-variables). Application of the GC/MS-SPME technique produced 50 reproducible chromatographic peaks (VOCs) in honey samples ( Figure 1 ). A linear vector system was used to represent each Y-variable as a function of X-variables: Y=AX (where A is a matrix containing the vector loadings).
Modeling of the A matrix used a statistical multivariable method called Projection to Latent Structures (PLS). The significant loadings (p<0.05) of the A matrix obtained by PLS indicate the dependence of VOCs against the studied factors. Non-significant (p>0.05) loadings in the A matrix were considered as zero. To visualize the results, the A matrix was plotted as a heat-map matrix clustering (Figure 2 ). Loadings were arranged using a hierarchical clustering. Each loading is a representation of the dependence between one VOC and the respective studied factor. To the left there is a large group of volatile compounds (41 VOCs) that does not have significant (p>0.05) relationship with any factors, and the presence can be attributed to random behavior or other factors. Only 9 VOCs show dependence with any factors studied ( Table 2) .
From Table 2 , VOCs arrange according to functional groups where alcohols are related mainly with the radical scavenging activity (RSA) and compounds with the presence of carbonyl groups (ketones and carboxylic acids) are related mainly with total phenolic compounds content (TPCC).
Eucalyptol (1,8-cineole) , was associated with RSA. It is a natural monoterpene present in large amounts in a variety of plants and is used in cosmetic and pharmaceutical manufacturing [11] . Furthermore, it is a compound present in an acaricide (APILIFE-VAR®) used to control varroa disease in bees [12] . A branched alcohol, 3-methyl-1-butanol, one of the highest peaks in the GC-MS profiles obtained by using CAR/PDMS fiber for analysis of acacia honeys, was also found in Rosemary, Heather, and rhododendron honeys [13] . Benzyl alcohol is a non-specific volatile marker because it is found in honeys of various botanical origins [14] . Organic acids are also common in honeys of different sources, but nonanoic acid is one of the most typical detected in eucalyptus honey [15] , However, its ethyl ester (also named wine ether) has been used to discriminate between Corsican honeys (protected denomination of region of origin) and other honeys harvested in European countries [16] . p-Menth-1-en-9-ol, an isomer of p-menth-1-en-8-ol, is characteristic of citrus honeys [13] . 2,2,6-Trimethylcyclohexane-1,4-dione is considered as a Salvia-honey volatile marker [17] . Furthermore, this has been identified as an aroma component in Spanish eucalyptus, rosemary, and lavender honeys analyzed using SPME and could confer tobacco, tea, or smoke aromas [18] . Dimethyl disulfide is characteristic of eucalyptus honey and this is the most representative in rosemary honey [13, 18] . A high proportion of dimethyl disulfide (19.4%) was found in an Agave honey sample [19] .
This study has shown that 26 honeys from the Valparaiso Region of Nine of fifty VOCs displayed significant dependence on the antioxidant activity and total phenolic compounds content. The dependence on the functional groups present in the VOCs was also visualized where alcohols related with radical scavenging activity (RSA) and carbonyl groups with total phenolic compounds content (TPCC).
Experimental
Honey samples: Twenty six honey samples (Table 1) were collected from the Valparaiso Region (Chile). All the samples were stored under refrigeration until analysis.
Estimation of total phenolic compounds content (TPCC):
The Folin-Ciocalteu method [6] was used to determine total phenolic compounds content (TPCC). Gallic acid (Sigma-Aldrich) (0-120 mg/L) was used as the standard phenolic compound to produce the calibration curve. The average of 3 readings was used and the TPCC was expressed in mg of gallic acid equivalent (GAE)/100 g of honey.
Antioxidant activity (radical scavenging activity and antioxidant content):
The radical scavenging activity of the honey samples for the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was measured as described [20] , with modifications. A stock solution of honey samples was dissolved in methanol at a concentration of 100 mg/mL (10 mL) then centrifuged at 4000 rpm for 2 min. Sample honey standard solutions (1-80 mg/mL) were prepared from the stock solution, and each sample solution was mixed with 0.8 mL of DPPH (Sigma-Aldrich) in methanol (0.5 mM) and adjusted to a final volume of 4 mL with methanol, resulting in a final concentration of 0.1 mM DPPH. Methanol was used as the blank sample. The mixtures were left for 30 min at room temperature and the absorbances were then measured at 517 nm. The radical scavenging activity was calculated as follows: % Inhibition = [(blank absorbance -sample absorbance) / blank absorbance] x 100. The mean of 3 IC 50 (concentration causing 50 % inhibition) values of each honey sample was determined graphically.
The antioxidant content was evaluated as described [6] , with modifications. Honey samples were dissolved in methanol (20 or 40 mg/mL) and 3.2 mL of each was mixed with 0.8 mL of a solution of DPPH (0.5 mM) in methanol, resulting in a final concentration of 0.1 mM (total volume of 4 mL). The mixtures were left for 30 min. at room temperature and the absorbances were then measured (517 nm). The blank sample consisted of methanol. The antioxidant content was determined using a standard curve of Trolox™ (Aldrich) (0-0.05 mM) and each solution was treated in equivalent conditions to the honey samples. The average of 3 values was obtained, expressed as mg of Trolox™ equivalent antioxidant content (TEAC) per 100 g of honey.
Chromatographic conditions: Volatile organic compounds (VOCs)
were analyzed by means of GC/MS-SPME. Before analysis, the honeys were mixed with saline solution 1:1 (NaCl 20%). The headspace vials were loaded with 5 g of sample and equilibrated at extraction temperature (50ºC) for 15 min. Then, a Carboxen/DVB/PDMS Supelco-SPME fiber (Supelco, USA) was introduced inside the headspace vial to extract the VOCs through a silicon septum for 30 min. Analyses were made in triplicate. Targeted analyses loaded in the fiber were analyzed in a Hewlett-Packard (USA) HP 6890 gas chromatography (with a HP MD5973 quadrupole mass spectrometer) in splitless mode (5 min). Desorption was carried out at 260ºC for 5 min. Helium at a constant flow (1.3 mL/min) served as the carrier gas. Scan mode was used. Separation was conducted in a 60 m length x 0.32 mm i.d. x 1.0 m film column (BPX-5 GC capillary column, SGE). The oven was programmed as follows: Initial temperature 50°C for 8 min., then heating to 200°C (10°C/min.) and kept for 5 min., finally up to 230°C (20°C/min) and kept for 6 min.
Potential emanations were analyzed by matching sample mass spectra with those of the National Institute of Standards and Technology (NIST) MS spectral library (USA) for peaks presented in the chromatograms. Chromatographic peaks were considered "unknown", when their mass spectral match quality (MQ) was less than 85%, and discarded in this identification process [21] . MQ value is referred to the degree the target spectrum matches the standard spectrum in the NIST library (100% indicates a perfect fit). Chromatographic peaks with mass spectral fit value >85% were checked with their Kovats retention index.
Statistical analysis and software:
The statistical analysis based on PLS (projection to latent structures) was made using the software SIMCA-P (UMETRICS v12, Sweden). Clustering was made using Multiexperimental Viewer (TM4) software [22] .
